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PERFORMANCE SELECTION CHARTS FOR GLIDERS AND

TWIN-ENGINE TOW PLANES

smKARY

This report presents perfornumce charts for gliders
and twin-engine tow planea. Three sets of charts are
presented showing the Derrormance of gliders having
different degrees of aerodynamic and structural refine-
ment. Fm any glider, the charts show the gliding angle,
the useful load, the stalling apesds, the power required
for level flight at varloue syeeds and the power required
while climblng at various speeds.

me tiow-planecharts show the perfo.umancewhich
could be obtained from tow planes powered by two
200&horsepower engines. 3%0 tow-plane charts present
the stalllng speeds, power required for level flight at
various speeds, and the power required while climbing at
various speeds. Charts also show the range for any
combination of’tow plane and gliders.

INTRODT33TION

This report presents charts whtch may be used to
estimate the performance of any combination of glider
and tow plane or they may be used to investigate the
deslrabiilty of components to @ve some desil?ed
perforimnce. The uerfo-ante of-a gltder-and tow-
plane unit depends not on the maximum efl!lciencyof
the components, bu; on their efficiencies.whenoperated
at the same speed. This means that a good glider and a
good tow plane do not necessarily form a good unit. The
two must be selected to operate efficiently at the same
speeds. In actual development it may not be praotlcal
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to proc!hmethe Ideal gilder or have available the
appropriate tow plane to tow the gilder. Combat condi-
tions and the expendability of milftary gliders may make
it Impossible to have on hand the optimum gliders for
each mission. As the mission of the glider varies, It
may be desirable to place different emphasis on the
structural and aerodynamic efficiencies.

For this reason,three different sets of performame
charts are presented having gradually irIcreaalngstructural
and aerodynamic efficiencies and typical load factors,
aspect ratios,and wing thickness ratios. The first set
of charts is based on structural and aerodynamic refine-
ment approximately equal to that of exlstfng military
gliders. me second set Is shilar to new experimental
designs being made at the present time. The aerod-io
cleanness 1s assumed to be better”and the WI

Y
thiokness

ratio is Increased In order to save struotura weight by
decreasing the amount of material needed for bending
strength. For small gilders the minimum allowable thic-sa
of structural material may make It Impossible to increase
the thickness ratio in order to save weight. Good
finlshes may be nrofitable only on gliders having high
wing loadlngs. TIM third class conslsts of’gliders having
refinement approximately equal to the best obtained in
powered atrplanes. The structural efficiencies of these
gliders are higher than those in the first two parts.
They are well streamlined, have good finishes, and have
retractable landing gears.

The set of tow-plane charts presents airplanes
deslgmd specifically for towing gliders. These tow
planes have assumed stnctural and aerodynamic
efficiencies similar to those of existing cargo air-
planes. The tow planes presented are assumed to be
designed for maximum range. In actual practice It may
be desirable to substitute other loads for part of the
fuel allowed for on the long-range tow planes. AII the
tow planes have been assumed to be twin-engine tow
planes powered by two 2000-horsepower engines. The
charts are prepared on coordinates of wing loading and
power loading which allows their use on engines of other
sizes for comparing trends.

For the sake of brevtty, all the charts are for
sea-level operation; however, the trends shown will be
similar to those of altitude operation except that the
speeds will be somewhat greater at higher altitudes.
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“PRESENTATION

Charts are Dre sented for

3

OFcHARm---J --- “ - ~

three trees of ullder8
ad one type of imw plane. lhe glide;tiof t “ 1

T(figs. l(a) to s(f)) have an aspect ratio of and a.
12-percent win

f
thickness ratio at ths root ohord. An

aspect ratio o 9 and a 20-peroent.wing thlckneas ratio .
are used for the second t~ (figs. 6(a) to 10(f)~
The gliders of type 3 (figs. n(a) to ~(f)) havs an
aspect ratio of 10 and a 20-percent wing thickness ratio.
The performance of the lhree types of gliders iS pre-
sented on coordinates of

F
oss weight and wing loading.

The use of the same coord nates for all t~s of charts
facilitates their superposition to form a composite.
ohart showing t.% interrelationship of the useful loads
and the various types of performance.

The tow planes are presented on oharts having
ooordlnates of power loading and wing loadlng. All the
tow planes considered In this report have two
2000-horsepower engines mounted in wing nacelles. The
power loading coordinate is the design gross weight
divided by 4GO0. The tow-plane charts can be used tith
the glider charts to determine the performance of any
combination of tow plane and gliders.

The method of analysis is presented in the appendices.
A list of figures is given immediately preceding fig-
urs l(a). Examples of the use of the charts are given
here.

USE OF CHARTS

Selection of gliders

Problemt Seleut lider A of t
f F

1 to oar=. 6000 pomds
and have a sta lihg speed o 40 miles pdr.hour.with
flaps.

From.figure z(a) read a.wi~ loading of 8.2 on the
40-mile.per-hour curve... . .

From figure.l(a) read,a.gross weight of 14,750 PO-S
where W/S of 8.2 Interseota 6000 pounds useful load.

1

mm—
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The performance of the glider may be determined by
the use of figures l(a) to s(f).

s:&:lJng stalling Pow- Power required
Maxti Speed at speed required

L@msx
to cllmb

glIde with without at 500 ft/hlln
l-p . at .120mphratio (mph) fl.qm flnps

(mph) (mph)
(thp)

(thp)

13 to 1 64 40 48 685 880

Selectlmn of tow planes

If the Power requtred by the gilders coincides with
one of the &lues used in preparin~ the oharts, a tow plane
may be selected for a oertaln range directly from the
charts presented. When the power required by the gliders
does not coincide with one of the values used In preparing
the charts, the appropriate tow plane may be seleoted
after the towing speed and wing loading are determined.
FOr that speed and wing loading, constant-range curves may
be plotted on coordlnhtes of power loading versus glider
power required. By cross- plotting, range and glider power
required may be used as coordinates to draw constant-
power-loadlng curves from which gross weights may be
obtained.

Selection of glider-tow plane combination

The tow planes must have wing loadings not muoh
higher than those of the gilders they tow If they are to
operate efficiently at the best speed for the gliders.

Problem: Select a tow plane capable of’towing two gliders
similar to glldemrA for 1000 miles at 120 miles per
hour, releasing the gilders, and returnl

?
The

stalllng speed of the tow plane Is to be 6 miles
per hour with flaps.

=orn figure is(a) the wing loading till be 12.8.
By plottlng power loadlng versus glider power required
for a wing loadlng of’12.8, a speed of 120 miles per
hour, and a range of 2(NO miles, a power loading
of 10.4 Is determined.
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weight of the tow plane will then be.!..-,,..,.

w“= 10.4 x 4000

= 41;600 pOUIldS

and the wing area is

The wirw area is verv

4~Gg“o
—.. —

12.6

3250 square feet

large for an airDlane of this
gross‘welght~ being about..doub~e the wing a~ea of the B-29.

From flgme 2J!+(a) the fuel 1oad in the fuselage Is
9~00 pounds of which 5000 pounds may be carried In the

required by the tow plane
l:Oi.S5pOWer . Th9 total
tke tow plane and two

680 + 2(685) = 2d}5

For a propeller efficiency of 0.8 in level flight the
brake horsepower required Is

*=2~55brah horsepower’ .
0.8

Figure 23(d) shows power required by the tow plane
climbing 500 feet per minute is 1300 thrust horsepower.
The power required for each gilder to cll.mb~dO fsst
per ml~+% at 320 miles per hour was previously found
to be tlb(lth.vwt hor~epower. The total brake horsepower
based on a propeller efflclOnOY of 0.75 for climbing is

1300 + 2(880) = 4080 brake horsepower ~ ‘ ‘ ““
0.75

This mndltlon of flight is impossible sfice the maximum
dlitary rating of each engine is 2000 brake horsepower.
This means that this combination of tow plane and gliders
is not capable of ollmbing 500 feet per minute.
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Effeot of w= loadl~

Problem: Seleot two gliders of type 1 f“f’lss. l(a) to:5f~#)
each of which is capable of carrying a 4bO0-pound
useful load. Glider B Is to have a stalling speed
of 30 miles

!?
er hour with fla s and glider C Is to .

$have a stall ng speed of’40 m 18s per hour. The
two gliders are compared in the following table:

.lm_ IGross Wing loadtig Stalling speed Peroent
‘~ider wel~t (lh/sq ft) with flaps useful load

.. (n’!nh)
13,700

:
6

1’ r
39

10,200 :2 0 5.0
J- b

The.example shows that the seleciJionof~low stalling
speeds decreases the percent useful load necessitating
the design of heavier gliders to carry the same load.
In thts example the seleotion of a stalllng speed of
30 miles per hour instead of 40 miles per hour has
lncraased the weight OF the glider by 3500 pounds,
largely beoause of Increased wing weight associated
with a larger wing. TMS result suggests that means
must be taken to keep the wing weights lower particularly
on large gliders. This can be accotiplishedby tncr~ashg
the thickness ratio and decreasing the aspect ratio. In
small gliders It may not be possible to save weight by
increasing the thickness ratio because of the minimum
allowable thickness of some structural components. Even
with reduced structural weights, large gliders must be
designed with higher wing loadlngs than smaller gliders
for the same peroent useful load.

If low win3 loadings are necessary,it may be
desirable to bqild two small gliders, each carrying
half the load, instead of one large gll~er. The total
gross weight of the two gliders is nearly always leas
than that of one large glider but at high towing speeds.
the small gliders may requln slightly more power.

The maximum glide ratio fop glider C
discussed h relatively low, L?.7 at 63.5
hour. me fact that normal towing speeds

previously “ “
miles per
are much

. .
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h@her th~ the speed for mtiinnmx L~ lnUloates the
operational “L/I) of the glider will be muoh less .
t- 12.7. At speeds higher than that for maximum I@
the profile drag is more Important than Induced drag.
Consequently, a large improvwent In performance can be
obtained by desiging gliders with less profile drag.
~is Inoreased performance is seen In comparing the .
gilders of type 1 wttinthose of type 2 and type 3 .
when the profile drag was reduced.

Comparison of the three types of jqllders

Problem: Seleot glidars to carry 8000 pounds and have
a stalling speed of 50 miles ~er hour with flaps.
Glider D will be of type 1, glider E of type 2, and
glider F of type 3.

Figures 3(a) and/or 8(a) show that eaoh glider
wI1l have a wing loading of 12.8.

The performances of’the thrse types are shown In
the following tables:

>llder

D
E
F

Gross
weig-nt
(lb)

18,500
15,200
15,700

Percent
useful
load

L3
53
51

wing

loading
(lbfiqft)

12.8
12.8
12.8

,Stalling‘Stalling
speeds speeds rdaXhum
with without
flaps flaps

glIde
ratio

(mph) (mph)

50

II
60 ‘ 12.3to1

so 60 13.9tx) 1
50 60 19.2t0 I

Fower rower T

Speed
required required

climbing lb miles lb miles
~llder at ~~tmph 500 ft/rein h -w h -h

L/%~ level at ~0 mph at %nsx at ‘40r~*
(thp) (thp)

D 7: 990 1270 1980
3

11 0
E

J
710

Zb
2 10

; z &
10

F 795 450 380 0

The ower required in level flight is very ldw for
the type ? gliders; therefore, the additional power
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required for cllmbing
total Power required.
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becomes a larger proportion of the
The mower reaulred in level l!’ll~t

alone &y not determine the-practlo~bllity of towing th
given glider.

For a more detailed cqmparlson of the three types
of gliders It may prove helpful to prepare charts suoh
as figure 25 which shows the effect of wing loadlng on
gliders with constant useful loads. Elght-thousand-
pound useful loads were used in preparing this chart.

Efl%ct of gilder performance on tow-plane performance -

Problem: Select tow planes for gliders D, E, and F
capable of towing a glider for 1000 miles at 1.40miles

““ per hour, releasing the glider and returning. The
stalling speeds of the tow planes ~e to be 50 miles
per hour with flaps.

The wing loadlng will be 12.8 for each plane. BY
plottimg power loadin

5
versus gilder power required for

a wing loadlng of 12. , a speed of 14.Omiles per hour,
and a range of 2000 miles, power loadings can be deter-
mined as explalned in a previous example.

The performance of the tow planes are shown In the
followfng tables:

Gliders Tow planes

Useful
load Power Gross Wing Stalling -1

ryps
y

weight loading speed

gl~~er (:~~hp (lb) (lb/sq ft) ‘i~m~pa %?

1)
t
000 10.4 41,600 12.8

8.7 33,600
50 lp:

E 12.8 50
F “e::: 7.95 31,800 12.8 50 61200
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(%mbinatlonsof towplanesandgliders

PowerrequiredPowerrequiredP&e;‘requhd ‘Pokekrequired
by towplane- by towplane by Oombinathllby oombinathn

olimbing .- in: OlhbingType ;Y:;:ht 500ft/..n levelflight 500iW/mln
at140 mph

(thp)
at I@ mph pt I&Omph

(thp) (blip) (Nip)“

D ;g 1570 “2& . 3790
E 1300 2990
F 710 leoo 4X 2510

With type 3 gilders particularly, the weight of the
gilders that can be towed tiaybe much more than the
weight of a short-range tow plane. This may make it
impossible to use snatoh take-offs in launohing the
gliders. It ma be neoessary to build heavier tow
planes and let rhem oarry part of the load.

CONCLUDING REMARKS

A study of the charts of the report brings out
these conclusions:

1. Gliders of type”l, representing existing military
gliders, have high structural weights. Because of high
wing weights, it is usual praotioe to design heavy
gliders for higher wing loadings than small gliders in
order to keep a high percentage of useful load.

2. ‘l’heassumption of thicker wings for the gliders
of type 2 decreased the structural weights,hence,giving
better useful loads for large gilders not having theti
structural weights determined by minimum allowable
material thickness.

3. The gliders of type 3, having high aerodynamic
and structural efficiencies, require muoh less power for
carrying a given load in level flight than the gliders
of’types 1 and 2. F’orthese gliders the additional
power required to olimb is a muoh larger proportion of
the total power required than formerly. The total
weight of the gliders that can be towed In steady flight
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is so htgh that some other requirement such as take-off “
may determine the actual loads that can be carried.

4..lb soma cds.es,partlmlarly witi gliders having “
low wln& loadings or low towing speeds, It may be
advantageous to use two small gilders,eaoh oarrying
half.the load rather than one large glider. The total 1
gross wetght of the two gliders Is nearly always less
than that”of the one large glider, but at high speeds
the small gliders may require sllghtly more power.

5. Tow planes need to have wing loadings not much
higher than those of the gliders in order that they will
not stall but till operate e,fficlent~ywhen operated at
the best speed for the gliders.

6. Short-range tow planes are fairly light as
oompared to the weight of the gliders they are capable
of towing. This condition may not @ desirable for
“snatch take-offs.” It may be advantageous to build
larger, heavier tow planes and let them carry part of
the cargo or to use some other method of launching the
gliders.

Langley Memorial Aeronautloal Laboratory
National Advisory Committee for Aeronautics

Langley Field, Va.

.
,
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APPENDIX A

... .. .- -.,, SYMBOLS- ..-

The symbols used are defined as follows:

weight-distribution faotor

profile-drag coefficient

projeoted frontal area, sq ft o

ultlmate load factor ,

structural efflolenoy factor

lift to drag ratio “

aspect ratio

wing area, sq ft

thickness to chord ratio

. thrust horsepower

gross weight, lb

wing weight, lb

distributed load, lb . .

weight of electrical systems lb

weight of fuel, lb

weight of fixed equipment, lti

weight of hydraullo -equipment, lb

useful load, lb

..

●
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METHOD OF ANALYSIS FOR GLIDERS OF TYPE 1

. .

The equations used for the gliders of type 1 are
based on an analysis of about ten existing military
gliders. The performances shown herein are obtainable
from gliders designed and produced by present methods.

DRAG

The wing drag coefficient is taken as O.018; the
tail-drag coe~flcient based on wing area is taken
as 0.005; the fuselage-drag inefficient, based on the
frontal area, is 0.25. The complete profile-drag
equation based on wing area is

CDO = 0.018 + 0.005 + 0.25 ~

The fuselage frontal area Is assumed to vary as the
two-thtrds-power

These drag
values obtafnad

of the useful load

1? 2/3= 0.15 Wu

~oefflcients and frontal areas check
rrom analysis of’exfsting gliders.

WING THICtiSS
.

A 12-percent wing thlclmess
was used for all “glld=rsof type

ratio at the”root ohord
1.

ULTIMATE LOAD FACTOR

M ultimate load factor of 4.5 was used for all
gliders.
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ASPECT RATIO AND SPAN EFFICIENCY FACTOR

.- . .-----,.-.. ,....
~ aspect ratio of 8 was uied for iii giiders of

type 1. The span efficiency faotor was taken as 0.8.
The induced-drag coeffloient is then

CL2
CD~=~”

8

WEIGHTS

Based on Alr Force gliders, the follbwing assump-
tions were made:

1.

2.

3.

In

13

Fuselage weight is 17 percent of glider gross
weight.

Tall we@ht is 17 peroent

Weight of fixed equipment

keeping
wing weight was

WING WEIGHT

of the wing weight.

is 30 + 0.045 w.

with the methods used in reference 1
calculated as

w. = ‘w
...1 Kt +

~3/2sl/2
1

to be

the

toThis”equation assumes wing weight proportional
the structural weight required for strength in bending.
K was determined to be 75,000 based on existing gliders.

Combining all of these weight factors, the followl~
equation for the empty we~ght of the glider waa obta~ed.

Wempty = 1.17

(m;:.’J)+””lT’+w’e ,
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APPENDIX B

METHOD OF ANALYSIS FOR GLIDERS OF TYPE 2

fie eauations used for the gliders of type 2 are
based on fi analysis of’recent M–litary des@s and
perf’ormames shown should be obtalnabla by present
production methods.

#

DFUM3 ,

The wing-drag coefficient is taken as 0.015; the
tall-drag coef$’lc.lentbased on wI- area is taken
as O.O@; ‘&e fuselage”drag coefficient based cm the
frontal area 1s 0.20. The complete profile-drag
equation based on wing area is “

. CDO = 0.015 + o.o@ + 0.20 g

The drag of the type 2 glider Is estimated from the
analysis of recent des@ns which represent an improvement
over earlier designs.

The fuselage frontal area is assumed to vary as the
two-thirds power of the useful load.

F 0.15

WING T!HICIU?ESS

A 20-percent wing thickess ratio at the root ohord
was used for all gliders of type 2.

. ULTIMATE LOAb FACTOR

An ultimate load factor of 4.5 was used for all
gliders.
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AS*T RATIO MD SPAliEFFICIENCY FACTOR ... .- .

An aspect ratio of 9 was used for all gliders of
type 2. ~ span efficiency faotor was taken as 0.8.
The induced-drag ooefficlent is.then

WEIGHTS

.
The following assumptions were made based on Air

Force gliders:

1.

2.

3.

m

Fuselage weight Is 17 percent of gilder gross
weZght.

Tail weight is 17 peroent of the wing weight.

Weight of fixed equipment Is 30 + O.*5 W.

WING WEIGHT

keeping with the methods used In reference 1 the
wing weight was calculated as

.

W1 = w
Et +1

~3/2sl/2

K was determined to be 75,000

The complete equation for
gilder 1s .

based on existtig gliders.

the empty weight of the

,.

‘empty = 1=17

~RG:~P+~+0”17w+wfe
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APPENDIX c

METHOD OF AMALYSIS FOR GLDERSOFTYPE3

The equations used f’orthe gliders of type 3 give
performances whioh could be obtained by gliders having
the aerodynamic and structural refinement of the beat
existing powered airplanes.

DRAG

lhe wing drag coefficient is taken as 0.009; tall
drag coefI?ioientbased on wing area is taken as O.003;
the fuselage drag ooefflcient based on the fYontal area
is 0.10. The complete profile-drag equation based on
wing area 18:

CDo = 0.009 + 0.003 + 0.10:

The drags of type 3 gilders am similar to those of
approximately 25 all-metal airplanes whioh were investi-
gated.

The fuselage frontal area is assumed to vary as
the two-thirds power of the useful load.

F 0.15 ~u2/3

. .

WING TH~KllESS

A.20-pprcent wing”thlckI’Mssratio at the root chord
wa”sused for all gilders of type 3.

ULTIMATE LOAD FACT(IR

An ultimate 10wI factor of 4.5 was wed for gliders.
. .
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#.,.,. .ASPECT.RATIO AND SPAN E~IC IENCY FACTOR.-.,

An aspeot ratio of 10 was.used for all gliders of
type 3. The span efficiency factor was taken as 0.8.
~ Induced-drag ooeffioient is then

CL2 “
cDi = —

O.8W1O

WEIGHTS

The following assumptions were made based on Air 1.
Force gilders.

1.

2.

3*

49

m

FWelage weight Is u percent of glider g“ross
weight.

Tall weight Is 15 percent of the wing weight.

Weight of fixed equipment is 30 + 0.45 W.

Landing-gear weight is 8 percent of gross weight.

WING WEIGHT!

keeping with the methods used In reference 1 the
wing weight was calculated as

w
W1 =

*+1
K was assumed to be 100,000.

The complete equation for the empty weight of the
glider is

‘empty

‘1”15(A+J+0”*w+~4 w+”fe “
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APPENDIX D

METHOD OF ANALYSIS FOR TOW PLANES

The equations used for tow planes are based on an
analysis of existing cargo planes. The predicted per-
formances should be obtainable by present production
methods.

DRAG

The wing drag coefficient is taken as 0.009; the
tall drag coefficient based on wing area Is taken
as 0.002; the fuselage drag coefficient, based on the
fratal area, is 0.10. The complete profile-drag
equation based on wing area 1s

CDo = 0.009 + 0.002 + 0.10;

The frontal area is

F= 30 + 0.032 wf2fi

where 30 Is the frontal area of the nacelles and a
minimum size fuselage.

WING THICKNESS..

A 15-~ercent win~ thickness ratio at the root chord
was

tow

used”fbr all tow filanes.

ULTINATE LOAD FACTOR

An ultimate
planes.

load factor of 4.5 was used for all
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ASPECT RATIO AND SPAN EFFICIENCY FACTOR
.... .... ... . .. -..

~ aspect ratio of 8 was used throughout the oalou-
.latlons. Zhe span e$ficienoy was taken as 0.9. The
Induoed-ag ooeffloient is ~hen

CL2“
@ = —

0.9W8. .

PROPELLER EFFICIENCY

For level”flight a propeller efficlenoy of 85 per-
cent is assumed to be attafned. To simplify the oalcu-
latlons the cooltig mower was assumed to be 5 percent
of the brake horsepower. This gives an effective
effiolency of 80 peroent. ~ climb the effective
efficiency Is 75 peroeht.

WEIGHTS

Based on extsttng cargo plgnes, the following
assumptions were made:

1. Fuselage weight is 9 percent of the gross
weight.

2. Tall weight Is 14 percent of the wing weight.

3. Landing gear is
%
1 percent of the gross weight.

4. Weight of the fixed equipment Is & peroent of
the gross weight plus the weigh? of the
hydraulic and electrical systems. The wei@at
of the electrical system is taken as
90 + 0.009 w. The weight of the hydra~lc
system is taken as l&O where W la le~s
t- 26,000 @ 40 + 0.038 (w - 26,000)
where w is greater than 26,000.
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5. Since two 2000-horsepower”engines are used in
all tow planes, it is asszmmd that the weight
of’the naoelle and power plant groups 123
8000 pounds tn every case. : “ .

r. ?J..-
In keeping with the methods used in reference 1

the wing weight was calculated as

w - C1(W2)
..

WI =
Kt

fR3/2Sl/2 + 1

K was determined to be 100,OOO based on existing cargo
planes. Cl, the weight-distribution factor, was taken ,.

~a 0.85.

W2, the distributed load In the wl~,includes
8000 pounds for the nacelle nd power-plant grouPs mq
5000 pounds of fuel or other load to be carried in the
wing.

The useful load to be carried & the fuselage is
the gross weight minus the empty weight. Allowing
4.00pounds for a two-man crew, the weight of fuel which
can be carried in the fuselage 1s assumed to be
0.85(wU -400 ) where Wu 1s the useful load In the
fuselage.

Combining all these weight factors we obtain the .
followhg equation for the empty weight of the tow
plane:

t)
- C1(W2)

‘empty = l-u + 0.18W + “We+ ~h + 8000

+
t +..1 . .

~3 2@/2
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